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View OnlineSolution mixing and the emission of light in flow-cells for chemiluminescence
detection†
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Donna L. Edwardsc and Paul S. Francis*ad
Received 1st August 2010, Accepted 15th November 2010
DOI: 10.1039/c0an00591fConstructing flow-through reactors for chemiluminescence detection by machining channels into
polymer disks has enabled the exploration of new configurations and materials that can improve signal
intensity beyond that attainable with the traditional coiled-tubing design. Several approaches to merge
reactant solutions were examined: an intersection, chamber or deeper well in the centre of a serpentine
configuration flow-cell (directly in front of a photomultiplier tube), or a confluence point outside the
detection zone. For several analytically useful, rapid chemiluminescence reactions, the single-inlet flow-
cell with external Y-piece was most suitable, but for others (such as KMnO4/Mn(II) with morphine, and
[Ir(f-ppy)2BPS]
 with fluoroquinolones) the dual-inlet configuration provided greater signals. The
introduction of central mixing zones with larger widths than the channel reduced the
chemiluminescence response. The reversing turns of a serpentine channel promote efficient mixing and
greater chemiluminescence intensities than a spiral channel, but increasing the sharpness of the turns
created areas of poor solution flow and decreased the chemiluminescence response. Teflon disks
impregnated with glass microspheres increased the chemiluminescence signals by 13%–17%, due to the
greater reflection of stray light towards the photodetector.Introduction
Chemiluminescence detection in flow injection analysis (FIA)
and high performance liquid chromatography (HPLC) involves
merging the sample stream or post-column eluate with a reagent
and measuring the light emitted as the reacting mixture passes
through a flow-cell.1–4 These detection cells have most commonly
been constructed by mounting a spiral coil of transparent tubing
against a photomultiplier tube.1,4,5 However, etching or
machining channels into glass/polymer materials and sealing the
channels with a transparent surface provides a convenient and
more reproducible alternative that enables exploration of new
materials and configurations to enhance emission intensities and
maximise the transfer of light to the photodetector.6,7 This
approach is also utilised to create chemiluminescence reaction
zones within microfluidic chips.8–10
Previously reported configurations include linear channels,11,12
spirals (that mimic the traditional coil of tubing approach),6,7,13–15
and ‘meandering’ or ‘serpentine’ designs comprising linearly
propagating series of reversing turns.9,16 Spiral or meandering
channels consisting of linear segments between right-angled turnsaSchool of Life and Environmental Sciences, Deakin University, Geelong,
Victoria, 3217, Australia. E-mail: psf@deakin.edu.au; Fax: +61 3 5227
1040; Tel: +61 3 52271294
bGlobalFIA, P.O. Box 480, Fox Island, WA, 98333, USA
cKnowledge Media Division, Deakin University, Geelong, Victoria, 3217,
Australia
dInstitute for Technology Research and Innovation, Deakin University,
Geelong, Victoria, 3217, Australia
† Electronic supplementary information (ESI) available: A comparison
of chemiluminescence intensity using different flow cell designs and
chemiluminescence intensity versus time profiles for the reaction of
morphine with acidic potassium permanganate, with and without the
addition of manganese(II). See DOI: 10.1039/c0an00591f
This journal is ª The Royal Society of Chemistry 2011have also been used.8,10,17,18 We have recently constructed
a chemiluminescence detector (referred to as the ‘GloCel’) that
contained a Teflon disk with machined channels that were sealed
with a sapphire plate and positioned against the window of
a photomultiplier tube within a purpose-built housing.6 Exami-
nation of various disk designs revealed that a spirally propagating
serpentine configuration provided greater mixing efficiency and
therefore superior chemiluminescence intensities than a conven-
tional spiral.6
To attain the greatest emission intensity within the flow-cell,
the position of the confluence point is crucial, and for relatively
fast chemiluminescence reactions it is generally thought that the
solutions should merge at or as close as possible to the point of
detection.4,19,20 In our initial investigation of the GloCel detector,
we examined two disks with serpentine channels. One contained
a single inlet, in which case solutions were merged at an external
Y-piece shortly before entering the flow-cell. The other contained
two closely spaced inlets, which enabled solutions to be merged
on the disk directly in front of the photodetector window.6 The
disks were compared using the reaction of morphine with acidic
potassium permanganate and although this reaction proceeds at
a much faster rate than some of the more traditional chem-
iluminescence reactions, the dual-inlet flow-cell did not improve
the transmission of light to the detector.6
In this investigation, we explore: (i) the use of central chambers
to merge and mix solutions directly in front of the photodetector;
(ii) the effect of sharper (right-angled) turns in the serpentine
reaction channel; and (iii) the construction of flow-cells from
Teflon impregnated with glass microspheres. Comparisons are
conducted with a wide range of analytically useful chem-
iluminescence reactions, such as: morphine with permanganate;
vanilmandelic acid with luminol and hexacyanoferrate(III);
codeine with tris(2,20-bipyridine)ruthenium(III); arginine, urea orAnalyst, 2011, 136, 913–919 | 913
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View Onlineammonium with hypobromite; and ofloxacin with a novel
iridium complex and cerium(IV).Experimental methods
Instrumentation
Chemiluminescence detectors. A variety of flow-cell designs
were explored by encasing different Teflon disks in a ‘GloCel’
chemiluminescence detector (Fig. 1a; Global FIA, Fox Island,
Washington, USA).6 The path of solution flow was set by
channels (width 0.030 in  depth 0.035 in) machined into each
disk (Fig. 1b and c). Solution inlet and outlet ports in the back
plate of the detector were aligned with holes drilled though the
disks. A sapphire window served as the transparent top surface
of the flow-cell. After an appropriate back plate was fastened, an
extended range photomultiplier module (Electron Tubes model
P30A-05, ETP, Ermington, New South Wales, Australia) was
secured in the holding chamber with a nut and ferrule. When the
disks contained a single solution inlet, the solutions were merged
at a Y-piece outside the detector and the length between the
confluence point and detection was approximately 4 cm (equiv-
alent to 20 mL). The barbed Y-piece was connected to the
tubing by slipping a piece of silicone tubing over both parts. In
cases where the disk contained two solution inlets, the confluence
point was located directly in front of the photomulitplier tube.
The output signal was documented using a chart recorder (3066
Pen Recorder, Yew, Yokogawa Electric Works, Tokyo, Japan),Fig. 1 (a) GloCel chemiluminescence detector (Global FIA) consisting
of (A) flow-cell, (B) PMT chamber, and (C) nut and ferrule to secure the
PMT and light-seal the chamber. Flow-cell components: (D) flat gasket,
(E) sapphire window, (F) Teflon disk, (G) ‘O’ ring, and (H) back plate
(single-inlet design shown). Teflon disks with machined channels and
inlet/outlet holes: (b) spiral and (c) ‘serpentine’ configuration.6
914 | Analyst, 2011, 136, 913–919or an ‘e-corder 410’ data acquisition system (eDAQ, Denistone
East, NSW, Australia).
Flow injection analysis (FIA). A two-line FIA manifold was
constructed from a peristaltic pump (Gilson Minipuls 3, John
Morris Scientific, NSW, Australia) with bridged PVC pump
tubing (1.02 mm i.d., DKSH), a 6-port injection valve (Vici 04W-
0192L, Valco Instruments, Houston, Texas, USA) with 70 mL
injection loop, black PTFE manifold tubing (0.76 mm i.d.,
Global FIA) and GloCel chemiluminescence detector (Global
FIA).6 The analyte solution was injected into a carrier stream
that merged with the chemiluminescence reagent, shortly before
or within the detection zone, except in the case of reactions with
the iridium(III) complex, in which case the reagent was injected
into an analyte stream that merged with a cerium(IV) solution,
and the reaction with the ruthenium(III) complex, where the
reagent was injected into a carrier stream that merged with the
analyte solution.
Sequential injection analysis (SIA). The SIA manifold was
constructed from a milliGAT pump (model CP-DSM-GF,
Global FIA), ten-port multi-position valve (model C25Z, Valco),
black PTFE manifold tubing (0.76 mm i.d., Global FIA) and
GloCel chemiluminescence detector (Global FIA). A desktop
computer equipped with data acquisition board (LabJack U12,
National Instruments, Ringwood, Victoria, Australia) and
LabView Software (Version 8.0, National Instruments) was used
to automate the instrument and acquire experimental data. The
instrument was operated in ‘direct aspiration’ mode,6 where the
detector is placed in-line between the pump and valve, so that
the solutions can be sequentially aspirated through the chem-
iluminescence detector with minimal mixing prior to entering the
detector. Unlike conventional SIA,21 this approach does not
require a holding coil nor reversal of solution flow.
Stopped-flow analysis. Stopped-flow analysis experiments were
performed with an FIA manifold constructed from a program-
mable dual-syringe pump (Model sp210iw, World Precision
Instruments, Glen Waverly, Victoria, Australia), Valco six-port
injection valve, and the GloCel chemiluminescence detector
(Global FIA)22 with either a single-inlet serpentine-channel
configuration (and external Y-piece) or a dual-inlet serpentine-
channel configuration. The syringes (Terumo, 10 mL Luer lock)
were loaded with deionised water (carrier) and acidic potassium
permanganate (reagent). After the injection loop (70 mL) was
filled with the analyte solution, the pump was activated,
propelling precise volumes of the analyte (within the carrier
stream) and reagent solutions into the detection zone. The
smallest possible length of tubing was used between the valve and
detector to minimise dispersion of the analyte into the carrier
stream. Following collection of the chemiluminescence profile,
the flow-cell was flushed out by dispensing large volumes of
reagent and carrier without filling the sample loop with the
analyte solution.Reagents
All chemicals used were of analytical grade and prepared in
deionised water unless otherwise stated. Solutions of potassiumThis journal is ª The Royal Society of Chemistry 2011
Fig. 2 (a) Schematic of the ‘square-serpentine’ flow-cell. (b) Bubble
formation and collection within the square-serpentine flow-cell (N.B.:
contrast adjusted and photograph converted to greyscale).
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View Onlinepermanganate (Chem-Supply, Gilman, South Australia, Aus-
tralia) (1  103 M) were prepared daily in 1% m/v sodium
polyphosphates (+80 mesh; Sigma-Aldrich, Castle Hill, NSW,
Australia) and adjusted to pH 2.5 with sulfuric acid (Merck,
Kilsyth, Victoria, Australia); manganese(II) sulfate (Ajax,
Sydney, New South Wales, Australia) (6  104 M) was added
when required. Tris(2,20-bipyridine)ruthenium(II) dichloride
hexahydrate (Strem, Newburyport, Massachusetts, USA) (1 
103 M) was dissolved in dilute sulfuric acid (0.05 M) and oxi-
dised to the ruthenium(III) species with lead dioxide (Ajax
Chemicals); excess oxidant was filtered (0.45 mm) from the
solution. Hypobromite was prepared daily by disproportionation
of bromine in cold sodium hydroxide (Ajax) (0.04 M). Luminol
(Aldrich) (3.5  106 M) was prepared in deionised water,
following dissolution in one or two drops of 1.0 M sodium
hydroxide (Ajax). Hexacyanoferrate(III) solution (3  104 M)
was prepared with potassium ferricyanide (Ajax) and sodium
hydroxide (0.35 M). (4,7-Diphenyl-1,10-phenanthroline disulfo-
nate-kN1,kN10)bis[3,5-difluoro-2-(2-pyridinyl-kN)phenyl-kC]ir-
idate(1-), sodium salt, (referred to by the company as bis
[(2,4-difluorophenyl)pyridine-C2,N0](bathophenanthroline disul-
fonate)iridium(III); Na[Ir(f-ppy)2(BPS)]) (SunaTech, Suzhou,
Jiangsu, China) stock solution (5  105 M) was prepared by
dissolving the solid in 25 : 75 ethanol : water; the 1  105 M
reagent was prepared by diluting the stock in an aqueous solution
of Triton X-100 (1  103 M). Cerium(IV) sulfate (Sigma-
Aldrich) (1  103 M) was prepared in dilute sulfuric acid (0.05
M) with sonication.
Morphine and codeine (GlaxoSmithKline, Port Fairy,
Victoria, Australia) stock solutions (1  103 M) were prepared
in deionised water with two drops of concentrated sulfuric acid
(Merck), and diluted with deionised water to obtain working
standards. Ammonium chloride (BDH, Poole, England) (1 
103 M), L-arginine (Sigma-Aldrich) (1  104 M) and urea
(Ajax) (1  104 M) working standards were prepared by dis-
solving the solids in deionised water. Vanilmandelic acid (Sigma-
Aldrich) (1  103 M) was prepared by dissolving the solid in
sodium hydroxide (0.1 M) and diluted to 1  105 M in water.
Ofloxacin and enrofloxacin (Sigma-Aldrich) stock solutions (1 
103 M) were prepared in dilute sulfuric acid (0.05 M) and diluted
to 1  106 M in water.Fig. 3 The effect of channel design on chemiluminescence intensity.
Data for the reaction of 1 107 M morphine with permanganate shown.
RSD was less than 1.4% for each flow-cell. SIA operation: direct aspi-
ration of 150 mL permanganate reagent, 1500 mL morphine standard, and
then 1000 mL deionised water.Results and discussion
Channel design
Several research groups have utilised chemiluminescence reac-
tion zones consisting of meandering or spiral channels with right-
angled turns (in flow-cells or microfluidic devices).8,10,17,18 In this
study, we examined a flow-cell comprising a spirally propagating
serpentine channel with approximately right-angled turns
(hereafter referred to as the ‘square-serpentine’ design; Fig. 2a),
in comparison with the previously described spiral and serpen-
tine configurations (Fig. 1b and c). The reaction selected to
compare these flow-cells was the oxidation of morphine with
acidic potassium permanganate (in the presence of sodium
polyphosphates), which produces a broad red emission from an
electronically excited manganese(II) species.23,24 This relativelyThis journal is ª The Royal Society of Chemistry 2011fast chemiluminescence system has been utilised in a range of
flow analysis applications.3,25,26
Using FIA methodology, six morphine standards (between 1
 1010 M and 1  105 M) were injected into a deionised water
carrier stream that merged with the permanganate reagent (1 
103 M, 1% m/v sodium polyphosphate, pH 2.5). As shown in
Fig. 3, the chemiluminescence intensities obtained using
the square-serpentine flow-cell were greater than when using the
spiral, but lower than when using the serpentine, although the
difference across all of the cells was generally less than 10%.
Using SIA, in which the solutions were mixed by longitudinal
dispersion of solution zones within a single line, the same trend
was observed, but the differences in intensity were much greater
(Fig. 3).
It appears that although the repeated90 turns of the square-
serpentine promote more efficient mixing than the steady curve
of the spiral configuration, the relatively sharp corners also
create areas of poorer solution flow, resulting in inferior emission
intensities compared to the serpentine design. A visual exami-
nation of the chemiluminescence generated in the flow-cells
revealed that air bubbles in the solution tended to remain in the
corners of the channel, a problem also encountered in flow-
through Z- or U-cells for photometric detection.27 This problemAnalyst, 2011, 136, 913–919 | 915
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View Onlinebecame more apparent when using the relatively long-lived
chemiluminescent reaction between luminol, hydrogen peroxide
and potassium hexacyanoferrate(III),28 which produces nitrogen
gas (Fig. 2b).Flow-cell material
Although chemiluminescence flow-cells and microfluidic reactors
have often been constructed by machining channels into
glass11,16,17 or transparent polymer materials,9,10,12–14,18 we have
recently shown that far greater emission intensities can be
obtained using a white polymer sealed with a transparent film,
which minimises the loss of light through surfaces not exposed to
the photodetector.7 Considering the demonstrated influence of
flow-cell material on the proportion of light that can be captured
by the photomultiplier tube, a disk constructed from Teflon
impregnated with 25% glass microspheres was compared to one
of the identical design constructed from standard Teflon, using
FIA methodology with the chemiluminescence reactions of (i)
morphine with permanganate,6 and (ii) luminol with hexa-
cyanoferrate(III) enhanced by vanilmandelic acid.29 The relative
standard deviation for ten replicate injections of the 1  107 M
morphine standard solution was below 0.9% for both flow-cells.
For both reactions, across a wide range of analyte concentra-
tions, 13–17% more light was captured using the Teflon disk
impregnated with glass, which we attribute to the greater
reflection of stray light towards the photodetector.Fig. 4 Teflon disks (for GloCel detector) containing dual-inlet serpen-
tine configuration channels with (a) no mixing zone, (b) 2 mm mixing
zone after confluence point, and (c) 4 mm mixing zone at confluence
point. (d–f) Photographic evidence of solution mixing efficiency, based on
the distribution of light when solutions of tris(2,20-bipyridine)-
ruthenium(III) and sodium hydroxide are continuously merged. The
exposure times for the three photographs were 0.8, 0.8 and 2.5 s,
respectively.Confluence point and mixing chamber
The position of the confluence point is crucial for chem-
iluminescence detection in FIA or HPLC that involves fast light-
producing reactions and it is thought that ideally, the solutions
should merge as close as possible to the point of detection.4,19,20
We previously constructed a dual-inlet serpentine flow-cell
(Fig. 4a) that enabled solutions to be merged directly in front of
the photodetector window.6 However, even for the relatively fast
chemiluminescent oxidation of morphine with permanganate,
this design did not improve the transmission of light to the
detector.6 Since that preliminary investigation, we have further
explored this design by: introducing mixing zones into the dual-
inlet serpentine disk; creating a larger mixing well in the centre of
the detection zone by modifying both the disk and backing plate;
and examining both the previously constructed and new flow-cell
inserts with a wider range of rapid chemiluminescence reactions.
The modified dual-inlet disks had (i) a 1 mm diameter mixing
zone located shortly after the confluence point (Fig. 4b), (ii) a 2
mm diameter mixing zone after the confluence point, and
(iii) a 4 mm diameter mixing zone at the confluence point
(Fig. 4c). The flow-cells were compared to the standard single-
inlet (Fig. 1c) and dual-inlet (Fig. 4a) configurations using
FIA methodology and the analytically useful reactions of:
morphine with permanganate;6,26 codeine with tris(2,20-bipyr-
idine)ruthenium(III);26,30 and arginine, ammonium chloride and
urea with sodium hypobromite,14,20,31,32 with analyte and reagent
concentrations typically encountered in their analytical applica-
tions. The production of the emitting species in these reactions is
rapid; maximum chemiluminescence intensity is obtained in the916 | Analyst, 2011, 136, 913–919range of a few microseconds to several seconds, under stopped-
flow conditions.14,25,33
To overcome variation in signal intensity due to changes in the
tris(2,20-bipyridine)ruthenium(III) and hypobromite reagent
concentrations over the day, the ruthenium(III) reagent was
prepared prior to each flow-cell test and each set of experiments
was simultaneously performed using a second FIA instrument
(with a coiled-tubing chemiluminescence detector) to obtain
a relative response.
For the reactions of morphine with permanganate, and
codeine with tris(2,20-bipyridine)ruthenium(III), the greatest
signals were obtained with the single-inlet flow-cell (Fig. S1, see
ESI†). Interestingly, the chemiluminescence signal decreased as
the size of the mixing zone was increased. A similar trend was
observed for the reactions of urea, arginine and ammonium with
hypobromite (Fig. S1†), but the responses from the single- and
dual-inlet flow-cell configurations (without mixing zones) were
very similar and in the case of the reaction of ammonium with
hypobromite, the greatest response was obtained with the dual-
inlet configuration.This journal is ª The Royal Society of Chemistry 2011
Fig. 5 The effect of mixing zones on chemiluminescence intensity: the
oxidation of morphine with permanganate enhanced with manganese(II)
(white columns), and the reaction of [Ir(f-ppy)2BPS]
 with cerium(IV) and
enrofloxacin (grey columns).
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View OnlineA visual examination of the light emitted from the dual-inlet
serpentine cells using the reaction between tris(2,20-bipyr-
idine)ruthenium(III) and sodium hydroxide (Fig. 4d–f) revealed
that under these conditions the most intense emission of light did
not occur within the mixing chambers and their presence actually
delayed the onset of the maximum emission until later turns of
the serpentine channel. Furthermore, it is clear from the photo-
graphs that the solutions rapidly move through the path of least
resistance within the mixing chambers, and only poor solution
mixing occurred in surrounding areas.
To enhance solution mixing within a central reaction chamber,
we removed a 3 mm diameter hole from the centre of the
serpentine flow-cell and created two new back plates with inte-
grated confluence points. The first contained angled inlets that
met in a shallow well (4 mm diameter, 2.5 mm depth including
both disk and back plate). The second contained tangent inlets
located on opposing sides of a well with groves to encourage
vortex flow. This approach was similar to the mixing device
employed by Kobayashi and Imai34 to merge the reactant solu-
tions of a peroxyoxalate chemiluminescence system prior to
detection. However, under our conditions, these designs did not
improve the chemiluminescence response (13% and 9% poorer
than the single-inlet serpentine flow-cell for the reaction of
morphine with permanganate), presumably due to similar issues
as those described above.Fig. 6 (a) Chemical structure of [Ir(f-ppy)2BPS]
. (b) Chem-
iluminescence from the reaction of [Ir(f-ppy)2BPS]
 (1  105 M in 1%
ethanol) with cerium(IV) sulfate (1  105 M in 0.05 M sulfuric acid) and
ofloxacin (1  106 M).New chemiluminescence reagent systems
We also examined the suitability of several flow-cell configura-
tions for two novel reagent systems: (i) a mixture of acidic
potassium permanganate and manganese(II); and (ii) [Ir(f-
ppy)2BPS]
 and cerium(IV), which undergo rapid chem-
iluminescence reactions with analytes such as morphine and
enrofloxacin, respectively.
Various reactions with permanganate are known to be auto-
catalytic,35 and we have previously shown that the chem-
iluminescence from the oxidation of various analytes with a 1 
103 M permanganate reagent containing 6  104 M man-
ganese(II) sulfate and 1% m/v sodium polyphosphates (adjusted
to pH 2.5) was up to 72 times more intense than without man-
ganese(II) due to significant increases in reaction rates.22 Moni-
toring replicate reactions over time revealed that the degree of
enhancement increased over the first 24 hours and then
remained at a relatively constant level, suggesting the formation
of intermediate manganese species—rather than the presence of
manganese(II)—in the reagent solution was responsible for the
increase in emission intensity.24 Unlike the conventional reaction
(Fig. S1†), the reaction of morphine with the permanganate
reagent containing manganese(II) produced greater signals with
the dual-inlet serpentine than with the vortex or single-inlet
serpentine configurations. The responses for a 1  107 M
morphine standard are shown in Fig. 5 (white columns). The
RSD (n ¼ 10) for each configuration was less than 1.8%.
Under stopped-flow conditions, the chemiluminescence
intensity versus time profile for the reaction of morphine (1 
105 M) and permanganate without added manganese(II) reached
a maximum after 2 s with both the single- and dual-inlet
serpentine flow-cells, and the overall signal (area) obtained using
the single-inlet configuration with external Y-piece was 5%This journal is ª The Royal Society of Chemistry 2011greater than that of the dual-inlet (Fig. S2†). The addition of
manganese(II) to the reagent solution (24 h before use) halved the
time to reach maximum emission. Using the dual-inlet flow-cell,
where increases in reaction rate position the maximum emission
in the central region of the detection zone, an 18% increase in
area and a 260% increase in height were observed. Using the
single-inlet flow-cell, the increases were smaller: 1.3% and 180%,
respectively, indicating that in this configuration, a significant
proportion of the emission (15%) occurred before the reacting
mixture entered the detection zone.
Cyclometalated iridium complexes have great potential for
chemiluminescence detection due to their high photo-
luminescence efficiencies, stable redox characteristics and
opportunity to manipulate emission wavelengths over a much
wider range than the conventional ruthenium-based reagents.36
Previous investigations have predominantly focussed on elec-
trochemically initiated reactions in organic solvents,37 but we
have recently reported the chemiluminescence reaction of
bis[2-phenylpyridine](4,7-diphenyl-1,10-phenanthroline disul-
fonate)iridium(III), [Ir(ppy)2(BPS)]
, with cerium(IV) and various
analytes in aqueous solution.38 Although the emission from the
neutral tris-cyclometalated Ir(ppy)3 is green (lmax ¼ 517 nm in
acetonitrile),39 the substitution of one ligand for the (N^N)-
coordinating BPS changes the colour of the emission to orange
(lmax ¼ 626 nm),38 similar to that of [Ru(bipy)3]2+ (lmax ¼ 628
nm).30 However, a fluorinated analogue, [Ir(f-ppy)2(BPS)]
, with
maximum emission at 541 nm in aqueous solution has becomeAnalyst, 2011, 136, 913–919 | 917
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applications.
A preliminary photographic examination of the reaction of
[Ir(f-ppy)2(BPS)]
 with cerium(IV) and ofloxacin performed in
the single-inlet serpentine flow-cell, showed that the reactions did
indeed result in the emission of green light, which was most
intense in the first few turns of the serpentine channel (Fig. 6).
However, the complex was found to have much lower solubility
in aqueous solution than the Na[Ir(ppy)2(BPS)] material used in
our previous study,38 which limited the concentration of the
fluorinated iridium(III) reagent to approximately 1  105 M.
Comparison of the flow-cells with this rapid chem-
iluminescence reaction showed that the dual-inlet serpentine
configuration was most suitable (Fig. 5, grey columns), enabling
detection of 7% and 13% more light than when using the single-
inlet serpentine with external Y-piece, and the central well with
vortex mixing chamber, respectively. The flow rate used for these
comparisons (3.5 mL min1 per line) is similar to those of some
rapid chromatographic separations using monolithic columns
coupled with chemiluminescence detection,32,40 but the use of fast
chemiluminescence reactions with the mobile phase flow rates
encountered in more traditional liquid chromatography creates
an even greater dependence on the proximity of mixing and
detection.Conclusions
The exchange of disks in the GloCel detector provides a conve-
nient way to optimise the flow-cell configuration for any
particular chemiluminescence reaction. In general, the spirally
propagating serpentine channel configuration was superior to the
spiral and the square-serpentine designs in terms of generating
the most intense emission. Even for relatively fast chem-
iluminescence reactions, the optimum position of the confluence
point is often external to the detection zone. However, for some
reactions, a dual-inlet configuration that enabled the solutions to
be merged directly in front of the photodetector provided greater
emission intensities. The introduction of larger chambers in the
centre of the detection zone did not enhance the signal for any of
the reactions investigated in this study. A disk constructed from
Teflon impregnated with glass microspheres increased the
quantity of light reaching the photodetector, highlighting the
importance of flow-cell materials in minimising the loss of stray
light.
The ability to increase the rate of chemiluminescence reactions
with acidic potassium permanganate, coupled with the develop-
ment of flow-cells to efficiently mix solutions and capture the
emission of light from rapid reactions, will be particularly useful
for chemiluminescence detection in HPLC because the maximum
emission can be attained within a very small volume of solution,
to minimise the contribution of the post-column reaction to band
broadening.Acknowledgements
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